09)B*BM«wf cj p) 02) & ^fl 4# |^ ^ ^ (a) cumm-mm^m^ 

#^6-148683 

(43)#MB ¥Jj£ 6^(1994) 5 J§27 B 



(51)IntCl. 5 


msm^ 




f i mnm*mffi 


G 0 2 F 1/136 


5 0 0 


9018-2K 




1/1343 




9018-2K 




H 0 1 L 29/784 




9056-4M 
9056-4M 


H 0 1 L 29/ 78 3 1 1 A 

3 11 G 

sssn* m>m<»®.4(± 4 jo 


(21)ftSB#^ 


#1^4-303424 




(71)ftKA 000004237 


(22)HifBB 


4 ^(1992)11/! 13 B 


MWMmS.^3S.TB 7 # 1 ^ 








(72)#£BJ^ /h# 








JKSaWiKSEETB 7# 1 ^B*KS«fc£ 
















(74)ftSA #ffi± ittS (^2«) 



(54) imw&m tBL9&*&M. 



(57) [Sin] 

[«] AlffclJAl^MTa, Ti, CrfcS^ 

— /neon az&o* 3 mmm<omm&* *s v =» >mtm-x* 



^-23±J§Cr 
~\-21 AJL 



Cb) 



23^ 




H 






( J 



20 3j§®mm. 




(2) 



6-148683 



i ] ±x<D&m&mmi>K a i *fcf*A i 

[MM 2] iBJdiatn^H— &*#Ta. T 
i, CrSfcliMo-Cfc5rtS:«pai:t5ll*aiE 

[MM 3 ] &jRiBlft«(0^«S«Sl8^«ISO%S^« 

otttl^tiT^S r. t SrW»4: -TSMM l ^ML<OWL 

[MM4] *a5«»R*3J;Vy-H6»l«^. ->9 

[BH0l¥JPttK9n 

[0 0 0 1] 
[0 0 0 2] 

a, Ti, C r fc5W^o«tfSJBV^jh/CV^ 0 X, 
S5itfc<0fc«>tCA 1 , A 1 &&<Dmm&>Z>\<^teA 1 , A 

l^MtTa, Ti, C r £ fcflM o Jgl £ <Z) 2 /f ^Jg 
jWBV^&Jh/Cl^fco ££>M. ajRSBKfST a, Ti, C 

r&SV^SMo. BlftlBKttA 1 SfcttA l-&AOJ;5 

[0 0 0 3] 

[*W*««bJ:5i:i-«««i] B»K:Ta f Ti, C 

**SjKt^*:& (A 1 Jf?2-5fflF) , i«i*l6«F*SB*S 

fc, AlifcfiAl^Srfflv^it »«*tttev^ 
t<o<D. (a) ^E^KfbUKfbTyu^^^A^s-et-^ 
■*■< t^igat^-yy^fi^g b*v\ ( b ) 

^ug^y-^^Ht*5, (c) ^/7^s«, mm 

(ITO:Indrum Tin Oxide 
m *t(D*#»*^/hSV\ (d) tt*H»d54feJR^ 

±9S45fc», TFToy-Mii:«I^T 
a, Ti, Cr $>2>VMiMoSrfflV>yh^^lt-<, Al 

5E^ilt*S»&^fcS, (e) ^A^bO«ttftK 
*ic§3i,\ (f) «-T-*astt«W/h£< (26. 9 

UfcWH»^A*jBL^i-v\ (g) 



[0 0 0 4] _hlE (b) (Dttmt LTA 1 -S i , 
(f) (D^mt LTA 1 -C u, Al-Ti^(DAl^ 
^Srffll>5»-&^fc5^^ ( a ) ~ ( g ) ©BflJH^T 
SrW»T»#5IR-ett<CV\ AlSfcliAlMiTa, 
Ti, C rfcSVMiM o§^2 S&JRGiMt-CM:* Al 

■«-e§i*jBss*t5B8«*ie&ra5 (a) ~ ( g ) ^ 

H^±TS:»St"C#*v\ X, »BffWtcAl«*fcttA 
l^It, Ta, Ti, C r fcSVMSMo&JRSMsKv^ 

(a) ~ (g) COrt^^tL^V^Pam^^^t 
[0 0 0 5] 

[«WBSr»*i"5fc«>^*a] *Ii« B 0 a ^»t' 
fi. Ta/Al/Ta, Ti/Al/Ti, Cr/Al 
/C r fcS^liMo/A 1 /Mo^J: 5 i£A lJrTa, 
Ti, Cr, Mo*"C**iiAyfc*3«^iHiaj»«jftiU 
TV^5 0 X, &mSiM'< ? — *A"-*— /H» 

[0 0 0 6] 

[ftMS] ^< LTA 1 (D^MCX 0E»««;«:+$H£< 
ffi^5»R*t»i:«>S5«ttTa, Ti, C 
r fc£^fiMo£^LT^£fc#>A 1 TWHIIB/S (a) 
-(e) tt±-C#tB*jft,5 0 ffiMLA (f) fcAlti© 

5^»»?B$tf5 0 RMA (g) t>JBHS:»fitt(0*:# 
[0 0 0 7] 

5 0 Ell (a) ~ (c) tt**W<&#»£ 
i"iB««iS<0«a:W»fB5H"C«>5 0 11 (a) 

o\z#9x&mi oii! l cmwi*'<y?^£VTmc r 2 

1 , A 1 2 2 , _Uf C r 2 3 ^^tl^ftl 5 0 0, 1 0 0 
0, 5 0 OJrl/lf* hn- AitS-T5o JfcfcHl (b) 
<D£?\Z7* hi) y^77^Ii^gT7^ h h 
3 0^^^^LTSi^^ (Cl 2 , CC1 4 §) 
«rJBV\ ±mc r 2 3, A 1 2 2, TJlC r 2 1 &m$i 

JK^SttSo Wdl (c) 5f£:7* hl/^ h 3 

[0 0 0 8] rcoj: 5li:**lct5i:, Al^$ 
(m 2 . 5 Q • c m) fiC r (OlSSi* (ftl3^Q- 

cm) Offal/ 5 Crlit^-gf2 0 0 0 
h d-A« IstzWf&com 1/3 (OIB^S 

fit. ft*515S«FPfli*5o X. /H»£t*M*» 

*U A 1 ir«LTl^£tDf±±JiC r 2 3, Til C r 2 1 



(3) 



ftfflW- 6-148683 



[0009] in 2 tt^m<D~mMmi:m-rm^a^m 
(a) iiTFTse, (b> tefe&m^mu, u) « 

f&1&iS*§rEU&%H, (d) l±*/i— tf;-/^, (e) fcfcjfe 

^(c^- FMEi2 4 t LXHI 1 xm.W Lfc 
3«AJRS*ISraW»*1-S. ftJ-y- hiiR4 1 t 
Itvyayiffi, Sig71, n^SiJK7 2 5rJg 
icJ&SU nfSiR72i:Silg71^xs'fy 

»116 2 t Lt I TO^SJiMtS. WiTFTf 
*«fc»TFTf + *A^|l±On»S i Bt 7 2 SriiliRi 
•yfV^tSo * *>lc:&SftiIflU 2 £ LX->y ny| 

yf^m. ^Si5BB^i:SMSl5^f4S*1±^ai^9 0 

sskmbt- 1 o oii7kfrmm&5±<niz#>ffim=i- mi 

0«S§n§ o i><U (a) ~ (f ) t£7jVf#gi$X* 
[ 0 0 1 0 ] HI 3 teHI 2 ( e ) , ( f ) \Z7jk L/t^cSB 

[ooi l] @l~EI3tc^.btt?)<t 5 {-&JRBB*SlSB<E> 

A 1 2 2«±»C r 2 3, TIC r 2 1 X&fc&tl. $ 
bt-flJUSBS:^- hffilMt4 1 &£t^tt:$ffiftSBM 2 

[0 0 12] JilS^JS^JT-(±C r-Al-Cr»3 
JP^SSItiOVNTIftB^ L/c L7i*U A1IJA1-S 

i, Al-Cu, AI-TifOAl^t*ifcottS 
V\ £<b(;iJb, TJlroCrliTa, Ti, Mo^COil^ 

[0 0 13] 

[3§WcD$jJfU St-blB,^ Lfc i 0 l;*IffllJC r - A 1 
-C r t 3jf&JK£jg$Ef&*U *>o3S^JRSr— jgy 



Cfc^tfcAl 3i«ffii©5»fflMli:itt««tt-rSitli/j: 

ftoXiDHtfJJSX-^fc: (a) ~ (e) (DffiM£Ji 
iZiXffi&ZixZ. X. ±m, TJ§#C rtf^HMyf 
£*tX^5fcit>. (f) <£>Pnm&X*fc-5 t d j/^, iu 

(g) <£>Fpm&X-fo-5A 1 J^KBILXte, AliSfc 

lei b;fx5 i {cx/u— yp£|5£./<^/Mg!J 3 S^JRIS^ 
LXV^ 0 

[Ell] (a) ~ (c) 14, **W©«fcg:Sr*-rtE*« 

[HI 2] (a) ~ (f) ti. *38W<0-H!fi«Sr*i-tt 
B B B^^gOTFT7y7^»SW#^W»fEllX'fc 
S„ 

[@3] B12(c:tJit'5^SBX-roTFT7yv^S«{B!l» 

^■umm.^^X'<DW-mmxh^o 

1 o 

20 3m&m%m 

2 1 TIC r 

2 2 A 1 

2 3 ±IC r 

2 4 h&m&m. 

25 k w ^&siei£ 

30 y^-vwJ^h 

40 -> y 3 >mtm 

4 1 y-M6«W 

4 2 tffl§ag 

5 0 X/W— 

6 i mmmmmmmmmmm 

6 2 9f*ttffi£139]WBII!t 

7 1 Sil 
7 2 n^S i 

9 o mx&mmm: 

1 0 0 ^gBS^^^f- 

iio mm^-hm 



(4) 



%tffl¥-6- 1 4 8 6 8 3 



[Ell ] 



[113] 



(CL) 



Cb) 



21 



22 At 
2/T>§Cr 



23^~ 
22-j- 








■v 


1 



} 



20 



22 -^tZ 












f 1 



20 

im2] 





Gt) 



24r 

90 



cf) 

r-Y&fc&m 2$'YUy&ms& <u->f-\&m& 



(19) Japan Patent Office (JP) 

(12) Publication of Patent Application (A) 

(11) Publication Number of Patent Application: 148683/1994 
(43) Date of Publication of Application: May 27, 1994 
(51) Int. CI. 5 : 

G 02 F 1/136 
1/1343 

H 01 L 29/784 
Identification Number: 
500 

Intraoffice Reference Number: 

9018-2K 

9018-2K 

9056-4M 

9056-4M 

FI 

H 01 L 29/78 311 A 

311 G 

Request for Examination: not made 
Number of Claims: 4 (4 pages in total) 

(21) Application Number Hei-4-303424 

(22) Application Date: November 13, 1992 
(71) Applicant: 000004237 

NEC Corp. 

5-7-1, Shiba, Minato-ku, 



1 



Tokyo 

KOBAYASHI Keizo 
c/o NEC Corp. 
5-7-1, Shiba, Minato-ku f 
Tokyo 

Patent Attorney, 
KYOMOTO Naoki (others 2) 

(54) Title: LIQUID CRYSTAL DISPLAY DEVICE 
(57) Abstract 

[Purpose] To provide a structure which uses Al or Al alloy and 
may solve all the problems caused by these metals to obtain 
a liquid crystal display device having high response speed. 
[Constitution] There is provided a three-layer structure in 
which Al or Al alloy is held between Ta, Ti, Cr or Mo. Further, 
the peripheral part of a through hole part and the sidewall 
parts of a three-layer wiring are covered with a silicon nitride 
film to restrain penetration of moisture. 

Claims: 

1. A liquid crystal display device, wherein all of metal 
wiring layers are three-layer metal wirings in which Al or Al 
alloy is an intermediate layer, and the upper layer and lower 
layer metals are held with the same metals. 

2. The liquid crystal display device according to claim 



(72) Inventor: 



(74) Agent: 



2 



1, wherein the same metal of the upper layer and lower layer 
is Ta, Ti, Cr, or Mo. 

3. The liquid crystal display device according to claim 
1 , wherein the surface outer peripheral part and side wall parts 
of an external connecting terminal part of a metal wiring layer 
are covered with a surface protective film or a gate insulation 
film. 

4. The liquid crystal display device according to claim 
3, wherein the surface protective film and the gate insulation 
film are a mono-layer of a silicon nitride film or a multi-layer 
film containing a layer of a silicon nitride film. 

Detailed Description of the Invention: 
[0001] 

[Industrial Field of Application] 

This invention relates to a liquid crystal display device 
and particularly to the wiring structure of the liquid crystal 
display device having high response speed. 
[0002] 
[Prior Art] 

In the metal wiring of the liquid crystal display device , 
Ta, Ti, Cr or Mo has been used heretofore. On the other hand, 
in order to attain high speed, a mono-layer of Al or Al alloy, 
or a two-layer metal composed of Al, or Al alloy film and a 
film of Ta, Ti, Cr or Mo has been used. Further, sometimes 
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properly Ta, Ti, Cr or Mo has been used in a connecting part, 

and Al or Al alloy has been used in a wiring part. 

[0003] 

[Problems that the Invention is to Solve] 

In the case of using Ta, Ti, Cr or Mo in wiring, these 
metals have high resistivity (two to five times as high as Al) , 
so the problem is caused in the case of requiring high-speed 
response or in a large screen display device. In the case of 
using Al or Al alloy, although the resistivity is low, the 
following problems are caused. (a) The surface oxidizes to 
easily generate aluminum oxide, so that a connecting part is 
liable to cause open failure. (b) Spike occurs in a contact 
part with an impurity added semiconductor Si to cause junction 
leak. (c) The adhesion strength to a glass substrate and a 
transparent conductive film (ITO: Indrum Tin Oxide film) is 
low. (d) Since a work function varies with metal, the use of 
Al will differ the threshold voltage as compared with the case 
of using Ta, Ti, Cr or Mo as before in the gate electrode of 
TFT. Accordingly, sometimes it is necessary to make a design 
change in a driving circuit. (e)It is easily affected by a 
mechanical shock from the outside. (f ) The atomic weight is 
comparatively low (26.98), so that wire breaking failure due 
to electro-migration, hillock or the like is easily caused, 
(g) Chemical reaction is caused by the influence of chlorine, 
moisture, electric field or the like , so that Al corrosion 
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occurs to cause breaking of wire. 
[0004] 

Sometimes Al-Si is used as a measure against the above 
(b) , and an Al alloy such as Al-Cu or Al-Ti is used as a measure 
against ( f ) , but all of the problems ( a ) to ( g ) can ' t be resolved . 
In the case of the two-layer metallic wiring of AL or Al alloy 
and Ta, Ti, Cr or Mo, the problem caused in the Al layer is 
always unsolved, and all of the problems (a) to (g) can 't be 
resolved. Further, the method for properly using an Al layer 
or Al alloy layer and Ta, Ti, Cr or Mo metal locally has the 
disadvantage that the lithography is increased in number of 
process, and some of the problems (a) to (g) are unsolved. 
[0005] 

[Means for Solving the Problems] 

According to the invention, a liquid crystal display 
device has a three-layer metallic wiring structure in which 
Al is held between Ta, Ti, Cr, Mo and the like as Ta/Al/Ta, 
Ti/Al/Ti, Cr/Al/Cr or Mo/Al/Mo. After metallic wiring 
patterning, the metallic surface or the sidewall parts outside 
the through hole part are covered with a surface protective 
film or a gate insulation film. 
[0006] 
[Operation] 

Thus, the wiring resistance can be made enough low by 
injection of Al, and the contact with the other thin film 
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materials is made through Ta, Ti, Cr or Mo, so all of the problems 
(a) to (e) in Al can be solved. The problem (f ) is also solved 
because Al is sandwiched by the other metals to restrain the 
generation of hillock. The problem (g) can be also solved 
because the periphery is covered with a silicon nitride film 
having high moisture resistance. 
[0007] 

[Embodiment] 

The invention will now be described with reference to 
the attached drawings. Figs. 1A to C are typical sectional 
views of a wiring structure showing the concept which forms 
a skeletal structure of the invention. As shown in Fig. 1A, 
a lower layer Cr 21 , Al 22 , and an upper layer Cr 23 are deposited 
to be 500, 1000, and 500 angstroms, respectively on a glass 
substrate 10 by continuous sputtering. Subsequently, as shown 
in Fig. IB, with a photoresist 30 subjected to the 
photolithography process as a mask, the upper layer Cr33, the 
Al 22, the lower layer Cr 21 are continuously etched by chlorine 
gas (Cl 2 , CC1 4 and the like), and finally in order to remove 
remaining chlorine, 0 2 plasma post-processing is conducted. 
Thus, a three-layer metal wiring 20 is formed. Subsequently, 
as shown in Fig. 1C, the photo resist 3 0 is removed, a silicon 
nitride film 40 is deposited, and the silicon nitride film of 
the through hole part 50 is selectively removed through the 
photolithography process. 
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[0008] 

In this arrangement, the resistivity (about 2.5 ^iQcrn) 
of Al is about one-fifth as much as the resistivity (about 13 

jiQ-cm) of Cr, and the wiring resistance and the signal delay 
time are about one-third as much as those in the case of forming 
Cr mono-layer with the same film thickness of 2000 angstroms. 
Except for through hole part, the surface and the side wall 
parts are covered with the silicon nitride film having 
excellent moisture resistance, and only the upper layer Cr 23, 
the lower layer Cr 21, or the silicon nitride film of the side 
wall part comes into contact with the Al. 
[0009] 

Figs. 2A to 2F are sectional views of an inverse stagger 
TFT structure glass substrate of a liquid crystal display 
device showing one embodiment of the invention. Fig. 2A shows 
a TFT part, Fig. 2B shows a scan signal wiring part, Fig. 2C 
shows a video signal wiring part, Fig. 2D shows a through hole 
part, Fig. 2E shows a connecting part between the scan signal 
wiring part and the external wiring, and Fig. 2F shows a 
connecting part between the video signal wiring part and the 
external wiring part. ITO is selectively formed as a 
transparent conductive film 61 for a storage capacity electrode 
on a glass substrate 10. Subsequently, as a gate metal wiring 
24, a three-layer metal wiring described in Fig. 1 is 
selectively formed. Subsequently, as a gate insulation film 
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41 , a silicon nitride film, an Si film 71, and an n-type Si 
film 72 are continuously made to grow, and the n-type Si film 
72 and the Si film 71 are selectively etched. Subsequently, 
the gate insulation film 41 is selectively etched to form a 
through hole part. Further, as a drain metal wiring 25, a 
three-layer metal wiring is selectively formed, and 
subsequently, as a transparent conductive film 62 for a pixel 
electrode, ITO is selectively formed. Subsequently, the 
n-type Si film 72 on the TFT channel part is selectively etched 
to form a TFT. Further, as a surface protective film 42, a 
silicon nitride film is deposited, and the part connecting to 
the external wiring, a pixel part and the like are selectively 
etched. The part connecting to the external wiring part is 
fitted through an anisotropic conductive film 90 to an external 
connecting terminal 100. The external connecting terminal 100 
is covered with a resin coat film 110 to prevent penetration 
of moisture. Thus, the sectional structures in the respective 
parts shown in Figs. 2A to 2F are formed. 
[0010] 

Fig. 3 is a plan view of an external connecting terminal 
on the TFT glass substrate side at the connecting part shown 
in Figs.2E and 2F. 
[0011] 

As shown in Figs. 1 to 3, the Al 22 of the metal wiring 
part is covered with the upper layer Cr 23 and the lower layer 
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Cr 21 , and further the sidewall part is covered with the silicon 
nitride film of the gate insulation film 41 or the surface 
protective film 42. 
[0012] 

Although the three-layer metal film of Cr-Al-Cr has been 
described in the above embodiment , Al may be an Al alloy such 
as Al-Si, Al-Cu, and Al-Ti. Further, for the Cr of the upper 
and lower layers , the other metals such as Ta, Ti and Mo may 
be used, which are used in metal wiring of an ordinary liquid 
crystal display device. 
[0013] 

[Advantage of the Invention] 

According to the invention, as described above, 
three-layer metals of Cr-Al-Cr are continuously made to grow, 
and the three-layer metals are collectively subjected to the 
lithography process, so that Al will not come into direct 
contact with the other thin film layers even in the 
manufacturing process and in the structure after the 
manufacture. Accordingly, all of the problems (a) to (e) 
described in the paragraph "Problems" can be solved. Further, 
since the upper layer and the lower layer are sandwiched by 
Cr, the occurrence of hillock and electro-migration, which is 
the problem (f ), can be restrained. Further, as to Al corrosion, 
which is the problem (g), the whole of wiring including the 
Al side wall is covered with the silicon nitride film having 
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high moisture resistance to solve the problem. Although 
especially at the part connecting to the external wiring, 
moisture penetrating through the interface of foreign material 
becomes a problem, as shown in Fig. 3, the through hole part 
is formed as an internally cut contact with the panel side 
three-layer metal wiring so that the side wall part and the 
outer peripheral part of the through hole are covered with the 
silicon nitride film, whereby the problem is solved. 

Brief Description of the Drawings: 

Figs. 1A to 1C are typical sectional views of a wiring 
structure showing the concept of the invention; 

Figs . 2A to 2F are sectional views of the respective parts 
of a TFT glass substrate of a liquid crystal display device 
showing one embodiment of the invention; and 

Fig. 3 is a plan view of an external connecting terminal 
part on the TFT glass substrate side at the connecting part 
in Fig. 2. 

[Description of the Reference Numerals and Signs] 

10: glass substrate 20: three-layer metal wiring 21: 
lower layer Cr 22: Al 23: upper layer Cr 24: gate metal 
wiring 25: drain metallic wiring 30: photo resist 40: 
silicon nitride film 41: gate insulation film 42: surface 
protective film 50: through hole part 61: storage capacity 
electrode transparent conductive film 62: transparent 
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conductive film for pixel electrode 71: Si film 72: n-type 
Si film 90: anisotropic conductive film 100: external 
connecting terminal 110: resin coat film 
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FIGURE 1A: 

10 : GLASS SUBSTRATE 2 1 : LOWER LAYER CR 22 : AL 23 : UPPER LAYER 
CR 

FIGURE IB: 

20: THREE-LAYER METALLIC WIRING 30: PHOTORESIST 
FIGURE 1C: 

40: SILICON NITRIDE FILM 50: THROUGH HOLE PART 
FIGURES 2A TO 2F: 

10: GLASS SUBSTRATE 24: GATE METAL WIRING 25: DRAIN METALLIC 
WIRING 41: GATE INSULATION FILM 42: SURFACE PROTECTIVE FILM 
61 : TRANSPARENT CONDUCTIVE FILM FOR STORAGE CAPACITY ELECTRODE 
62: TRANSPARENT CONDUCTIVE FILM FOR PIXEL ELECTRODE 71: SI 
FILM 72: N-TYPE SI FILM 90: ANISOTROPIC CONDUCTIVE FILM 
100: EXTERNAL CONNECTING TERMINAL 110: RESIN COAT FILM 
FIGURE 3: 

THROUGH HOLE PART SURFACE PROTECTIVE FILM EXTERNAL 
CONNECTING TERMINAL PART SHUNT EXTRACTION PART GLASS CUTTING 
SURFACE 
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